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Abstract 
With the famous "climate change" appear the figure of "electric vehicle", the mobility of this vehicle does 
not produce any emissions. 
The main problems in the electric vehicle are the autonomy and the recharge time. Using a hydrogen fuel 
cell, able to increase autonomy and reduce the time to recharge electric vehicles. The fuel cell would be 
responsible for recharging the battery (REEV: "Range extended electric vehicle") or directly from the 
electric motor power (FCEV: "Fuel Cell Electric Vehicle"). 
We performed a model of the vehicle powertrain, in Simulink, to simulate different powertrain 
configurations for later with the optimal configuration of power train perform different tests on the test 
bench hybrid drive, available at the Aragon Hydrogen Foundation. 
The construction of both models (REEV and FCEV) was performed meeting all requirements for 
approval of hydrogen powered vehicles (Annex IV of Regulation 79/2009) and so the use of these 
vehicles a reality. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
 Electric cars are an opportunity to technological change (battery electric vehicles or fuel cell electric 
vehicle) and with this project try discovering some of the benefits attributed to electrical vehicles, and its 
operation and different types of technologies currently in use. 
Available online at www.sciencedirect.com
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This project belongs to the European LIFE project (LIFE-ZeroHytechPark) and with this project 
was attempted implement sustainability in technology parks through optimal management of 
energy through systems based on hydrogen technologies and renewable energy. 
For this project has been planned, the transformation of a battery electric vehicle to a fuel cell 
electric vehicle, so we have studied the two technologies of this type of vehicle (FCEV and REEV). 
To choose the best configuration of the vehicle power train, i.e. you get more autonomy. We 
have been two different tests, which simulate urban driving and road driving.  
2. Methodology 
Will proceed to the collection of information on alternatives to the conventional 
medias: magazines scientific, internet and related articles to this field. 
The alternatives will be studied are the batteries electric vehicle batteries, hybrid vehicle (battery 
and hydrogen fuel cell) known as Range Extended Electric Vehicle and Fuel Cell Electric Vehicle. 
Once collected and analyzed all this information, proceed to the simulation comparison between the 
different alternatives to theoretically be obtained from using the software Matlab / Simulink the optimal 
choice, the solution with which it has greater autonomy. 
The principal advantage that has the introduction the hydrogen into electrical vehicles is that the 
autonomy has increased considerably and the recharge time of batteries electric vehicles have reduced, 
because the fill up with hydrogen is similar at the fill up with petrol. 
Fig. 1.Image of the Hydrogen station in Walqa Techonolgy Park. 
Below shows the driving cycles that were used for the simulation of urban driving and for driving on the 
road. In the next figures shows the power consumed by the electric vehicle REVA at function of time. 
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Fig. 2. Driving cycle to urban driving. 
Fig. 3. Driving cycle to road driving. 
To calculate the vehicle autonomy has used the following equations. This is also used for the 
performance of the model in Matlab / Simulink.[4] 
To calculate the energy provided to the batteries we use the equation (1). 
(1)

To calculate the quantity of hydrogen that we have available, we used the equation (2). 



    (2) 
The compressibility factor depending the storage pressure of hydrogen. For example to 250 bar the 
compressibility factor is 1,166. 
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To calculate the energy provided to the hydrogen fuel cell we use the equation (3). 



                                (3)  

To calculate the energy provided to the hydrogen fuel cell and the batteries we use the equation (4). 
 

(4)

To calculate the autonomy of vehicle we used the next equations (5) and (6). 

        (5)


          (6)
2.1. - Vehicle Battery Electric (BEV) 
It is a vehicle that uses chemical energy stored in one or more rechargeable batteries.  The Electric 
vehicles use electric motors in Instead of internal combustion engines, can be connect to the grid when 
parked, and provided electricity infrastructure exists that allows it, and thereby recharge the batteries. 
One of the key problems of this type of vehicle is the deficiency in infrastructure for recharging vehicles, 
more specifically in Spain.[3] 
Fig. 4. Indian Electric Vehicle (REVA). 
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2.2. –Fuel Cell Electric Vehicle (FCEV) 
The operation mode of FCEV is based on the operation of the fuel cell itself.  
A fuel cell is a device that converts the chemical energy from a fuel into electricity through a chemical 
reaction with oxygen or another oxidizing agent. Hydrogen is the most common fuel, but hydrocarbons 
such as natural gas and alcohols like methanol are sometimes used. Fuel cells are different 
from batteries in that they require a constant source of fuel and oxygen to run, but they can produce 
electricity continually for as long as these inputs are supplied.[1] 
Figure 5. Image of the hydrogen fuel cell. 
The system consists in a hydrogen storage and fuel cell. In it, hydrogen is storage in a cylinder in the form 
of hydrogen gas. The energy that produces to hydrogen fuel cell was used for the motion of electric 
vehicle 
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2.3. – Range Extend Electric Vehicle (REEV) 
By installing our system hydrogen (fuel tanks and battery) get a way to recharge the auxiliary 
batteries, therefore, will increase the autonomy presenting the electric vehicle. An extended-range electric 
vehicle, presents the following operation: 
This operation could be likened to an auxiliary battery charger that is installed within electric vehicle, this 
“boot" is compound by the provisioning system H2, coupled to the storage system, which charge of the 
battery power of fuel. The electricity produced is stored on batteries and they are responsible to source 
the electric motor responsible for movement of shaft where the wheels the vehicle.[3] 
3. . Results and Discusions 
Below are two tables with the results of the simulations. The first table corresponds 
to theoretically calculate the autonomy and the second corresponds to the autonomy table calculated with 
the model developed in Matlab / Simulink. 
POWER TRAIN URBAN AUTONOMY ROAD AUTONOMY 
REVA 80 km 75,43 km 
REEV 142 km 134,3 km 
FCEV 122 km 120 km 
Table1 . Results of theorical simulation. 
POWER TRAIN URBAN AUTONOMY ROAD AUTONOMY 
REVA 80 km 75 km 
REEV  100 km 98 km 
FCEV  104 km 100 km 
Table2 . Results of Matlab/Simulink simulation. 
4.  Conclusions 
This project was developed with the main order to define the options for the unsustainable current 
conventional vehicle model and carried out the analysis of the various configurations existing commercial 
and prototypes that are being studied. 
 The configurations studied are the following: 
- BEV (Battery Electric Vehicle)  
- REEV (Range Extended Electric Vehicle)  
- FCEV (Fuel Cell Electric Vehicle) 
We have simulated different configurations to meet autonomy through two circuits: 
- Urban circuit. 
- Road circuit  
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For the verification of the simulations we used modelling software developed by Matlab/Simulink and 
conclude that the simulations are correct. 
A problem with the BEV, is the long period of time to recharge the vehicle, this problem is solved by the 
addition of a hydrogen fuel cell (REEV and VEGF), wherein the recharge period of time resembles 
conventional vehicle refuelling. 
The main advantages offered by electric vehicles compared to vehicle fuel (gasoline or diesel), , is 
the lower cost of fuel (c€/km) and emissions released into the atmosphere electric vehicles as null, if the 
electricity to recharge batteries or the hydrogen produced comes from renewable energy.  
Among the different technologies, it concludes that the best powertrain configurations of electric vehicles 
i.e. that obtained with greater autonomy are those in which the addition of hydrogen fuel 
cell to train power if the vehicle.   
The best settings are: 
- REEV (Range Extended Electric Vehicle) 
- FCEV (Fuel Cell Electric Vehicle) 
In different simulations, we observe that within the top two settings, the best configuration is the REEV 
(Range Extended Electric Vehicle) and obtained a range sligthtly higher than FCEV (Fuel Cell Electric 
Vehicle.
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